Introduction {#sec1-1}
============

Trimetazidine (1 (2-3-4 trimethoxybenzyl) piperazine dihydrochloride) is a fatty oxidation inhibitor, blocks β-oxidation long-chain 3-ketoacyl coenzyme A thiolase (the final enzyme in β-oxidation). It leads to the shifting of energy substrate from fatty acid oxidation to the glucose oxidation leading to reduction of oxygen requirement since fatty acid oxidation required more oxygen than glucose oxidation.\[[@ref1]\]

Through optimizing the oxygen demands, trimetazidine is mainly used as anti-ischemic agent and improves heart function since it does not affect blood pressure or heart rate.\[[@ref2]\] Moreover, trimetazidine inhibited oxidative damage in the mitochondrial membrane that put forth an important cytoprotective and acts as metabolic modulators in ischemic heart disease, gastrointestinal disorders, renal damage, and hepatic ischemia.\[[@ref3]\]

In addition, trimetazidine exerts a neuroprotective effect during cerebral ischemia, antinociceptive, and potential antidepressant effects.\[[@ref4]\]

Trimetazidine also inhibits lipopolysaccharide-induced brain inflammation in animal model study via upregulation of antioxidant enzymes, provoke axonal regeneration, and myelination and prevents drug-induced hippocampal oxidative damage and experimental brain atrophy.\[[@ref5][@ref6]\]

*In vivo* studies demonstrated that trimetazidine improves brain glucose uptake and prevent cerebral ischemic-reperfusion injury.\[[@ref7]\]

They are many approaches that can be utilized to estimate cognitive functions, one of these approaches is done by measuring psychomotor performance.\[[@ref8]\] Improvement of psychomotor performances as a result of utilizing nootropic agents has been documented in previous studies while brain depressants like barbiturate, benzodiazepines, sleep medicine, and first generation antihistamine has been shown to influnce psychomotor performance adversely.\[[@ref9][@ref10]\]

Our hypothesis was because of trimetazidine improving brain glucose uptake with significant antioxidant effects thus, trimetazidine, may accelerate psychomotor performances and because of these facts, therefore the aims of the present study were to elucidate the effects of trimetazidine on psychomotor performance and vigilance in normal healthy volunteers.

Materials and Methods {#sec1-2}
=====================

This study was carried out at the Department of Clinical Pharmacology, College of Medicine, Al-Mustansiriyah University in Baghdad, Iraq, from May to June 2015. The research was permitted and approved by the Scientific Committee. Informed consent was obtained from all volunteers before starting of the study. The volunteers were in normal health with no history of psychiatric disorders, nonsmoker, nonalcoholic, and the subjects with any disease, even eyeglasses or history of drug intake, were excluded from this study. A total of 234 subjects (age 22--25 years and 120:114 M: *F* ratio) were recruited in this study.

Before entrance to the experimental research, we advised the volunteers to abstained chocolate, cola drinking, and any caffeinated beverage; all volunteers were familiar with test measures. The research volunteers were randomized into two groups according to a block permuted randomization, with 117 volunteers in each group. Group I received an inert starch capsule served as a control, and Group II received trimetazidine tablet 15 mg/day (vastarel, Servier Phlilippin Inc.). The duration of therapy was 5 days. Test procedure was done at 9.00 a.m. on the psychomotor tester (Zak GmbH. H-D-8346 Simbach/Inn, Germany). Before the drug administration, prescore values were recorded and then after 5 days of therapy, the postscore values were recorded.

Psychomotor estimation was obtained from the following:\[[@ref11]\]

Total reaction time (TRT): Time required (ms) from starting the stimulus to the end of the performanceRecognition reaction time (RRT): Time required (ms) from starting the stimulus at the beginning of the reactionMovement reaction time (MRT): Time required (ms) from starting of motor action to the end of the performance.

TRT and RRT were recorded directly from psychomotor tester whereas MRT was calculated by subtracting RRT from TRT (MRT = TRT − RRT).

Critical flicker frequency descends (CFFd): Measure time in minutes required for light perception from steady (constant) to flicker (waving) stateCritical-fusion frequency ascends (CFFa): Measure time in minutes required for light perception from flicker (waving) to steady (constant) state.

Critical flicker-fusion frequency (CFFF) = Flicker frequency + fusion frequency/2.

CFFF measures central sensorimotor integration. RRT measures cortical arousal and vigilance status.

Statistical analysis {#sec2-1}
--------------------

Statistical estimation was achieved by paired *t*-test; results are accessible as mean ± standard error. A value of *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

The placebo did not demonstrate significant effects on all psychomotor performances and flicker-fusion elements (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].
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Placebo effects on psychomotor performance and critical flicker- fusion frequency in normal healthy volunteers
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Trimetazidine therapy produced a highly significant effect on all components of psychomotor performances and flicker-fusion parameters (*P* \< 0.001) compared with pretreatment era. Trimetazidine reduced TRT from 761.05 ± 8.02 ms to 666.57 ± 8.45 ms, RRT from 381.66 ± 5.54 ms to 354.40 ± 5.31 ms, MRT from 379.39 ± 3.95 ms to 312.17 ± 6.63 ms, critical fusion frequency (CFFa) from 33.39 ± 0.12 Hz to 34.30 ± 0.13 Hz, critical flicker frequency (CFFd) from 30.76 ± 0.15 Hz to 27.99 ± 0.11 Hz, and CFFF from 32.07 ± 0.11 Hz to 31.14 ± 0.09 Hz \[[Table 2](#T2){ref-type="table"}\].

###### 

Trimetazidine effects on psychomotor performances and critical flicker-fusion frequency in normal healthy volunteers
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Trimetazidine produced significant effects on psychomotor performance and CFFF regardless of gender, since results of the present study showed insignificant effects between enrolled males and females (*P* \> 0.05) on all psychometric parameters, except on MRT there is mild significant differences between males and females (*P* = 0.086) \[[Table 3](#T3){ref-type="table"}\].
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Gender differences of trimetazidine effects on psychomotor performances and critical flicker- fusion frequency in normal healthy volunteers
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Discussion {#sec1-4}
==========

Trimetazidine leads to significant acceleration of psychomotor performance measures compared to placebo after a short period of therapy; additionally it improved CFFF significantly. These findings were supported by Hassanzadeh *et al*.\'s (2015) experimental study that demonstrated a stimulant and neuroprotective effect of trimetazidine even in healthy subjects,\[[@ref5]\] also Erbas *et al*. demonstrated modulation of rearing and stereotype behavior due to trimetazidine therapy mediated by mesolimbic dopaminergic effects.\[[@ref12]\]

Thus, the present study revealed potential effects of trimetazidine in advancing the psychomotor performance in normal, healthy volunteers indicating a positive vigilance effect of trimetazidine in stimulation of arousal pathways also, trimetazidine accelerates CFFF that pointed out to the provoking effects of trimetazidine on sensorimotor integration; since CFFF evaluates cortical activity and central perceptional process of sensorimotor integration while TRT, MRT, and RRT reflect the cerebral arousal activity.\[[@ref13]\] Therefore, trimetazidine accelerates brain activity and peripheral sensorimotor reaction through amplifications of these potential measures.

Trimetazidine improves brain activity via neuronal cell protection against intracellular acidosis and preserves brain mitochondrial membrane, inhibition of lipid peroxidation, regulation of Na/Ca channel, and acceleration of glucose uptake.\[[@ref14]\] Moreover, it augments the central Adenosine triphosphate (ATP) level leading to the increasing in the neuronal activity which explained the central stimulating effects of trimetazidine in advancing the psychomotor performance.\[[@ref15]\] In addition, trimetazidine regarded as potent modulator of glutaminergic neurotransmission, it antagonized α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and kainite, but not at Methylenedioxyamphetamine (MDA) receptors, since MDA antagonist dextromethorphan improves psychomotor in normal healthy volunteers;\[[@ref16]\] this gives an idea that trimetazidine may improve psychomotor performance through glutaminergic neurotransmission.

Oxidative stress deteriorates the cognitive function and psychomotor performances, thus it was suggested that antioxidant effects of α-lipoid acid, *Ginkgo biloba*, and piracetam improve working memory and psychomotor performance,\[[@ref17][@ref18]\] and because of trimetazidine regarded as a novel antioxidant, it accelerates all measures of psychomotor performance in normal healthy volunteers. Recently, angiotensin receptor blockers improve psychomotor performance through antioxidant effect, augmentation of endogenous antioxidant enzymes, and significant reduction of lipid peroxidations.\[[@ref19]\]

Furthermore, neuronal excitation augments brain energy consumption mainly from glucose metabolism and because of the end product of glucose metabolism is acetyl-coenzyme A, which is responsible for synthesis of brain acetylcholine, which *per se* explain the exciting effects of trimetazidine, since, cholinomimetic agents improve positive score in psychometric assessment.\[[@ref20][@ref21]\]

In addition, trimetazidine activates brain p38 mitogen-activated protein kinase, which is responsible for preservation of neuronal electrical potential of central and peripheral neurons,\[[@ref22]\] which explain the improvement in movement reaction time of psychomotor performances.

Regarding gender differences in the effects of trimetazidine on the psychomotor performances and CFFF, trimetazidine showed insignificant difference and there are higher variations in critical flicker frequency than the critical fusion frequency also, female volunteers showed a lower score of CFFF than male subjects, these changes may explain by variations in psychometric studies.\[[@ref23][@ref24]\]

Conclusion {#sec1-5}
==========

We conclude that trimetazidine improves psychomotor performance and vigilance in normal healthy volunteers through advancing total reaction time and CFFF.
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